single locus dynamics or the organization of multiple loci through static or ensemble measurements. New tools in fluorescence microscopy now enable the real-time tracking of several loci simultaneously, requiring additional physical model development to interpret the observed behaviors. Toward this end, we employ a polymer dynamics framework to predict the correlation in the velocities of two loci connected by chromatin. This predictive theory uses a minimal number of fitting parameters and reveals that the signature of correlated motion between loci can be identified by varying the lag time between locus position measurements. Our results predict that as the lag time interval increases, the dual-loci dynamic behavior changes from being uncorrelated to behaving as an effective single locus. This transition is determined by the timescale of the stress communication between loci through the intervening segments. We show that this single transition timescale is the only fit parameter needed to make direct quantitative comparisons to the in vivo motion of fluorescently labeled chromosome loci. We further show that our predictions are qualitatively consistent with recently published experimental measurements of the motion of sets of two loci on a single chromosome in budding yeast during interphase. Furthermore, this theoretical framework enables the detection of dynamically coupled chromosome regions from the signature of their correlated motion.
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Epigenetics Goes Physical Christophe Lavelle. CNRS UMR7196 -INSERM U1154, CNRS, Paris, France. Eukaryotic genomes are divided into chromosomes, each consisting of a single molecule of several centimeters of DNA compacted into a nucleoprotein substance known as ''chromatin''. In the recent years, evidence has accumulated pointing out chromatin polymorphism and dynamics as a primary mean of control of genome accessibility in time and space, driving the focus on this complex polymer as a critical player in gene regulation [1] . A thorough characterization of chromatin properties would then be a prerequisite step in our understanding of differential gene expression, e.g. ''epigenetics'' in its original definition by Waddington as ''the study of the causal mechanisms by which the genes of the genotypes bring about phenotypic effects''. We wish here to emphasize some physical characteristics of genome organization in order to provide a more complete framework in which to interpret the control of gene expression. Indeed, cells achieve stability and heritability of epigenetic states by taking advantage of many different physical principles, such as the universal behavior of polymers and copolymers, the general features of nonequilibrium dynamical systems, and the electrostatic and mechanical properties related to chemical modifications of DNA and histones 
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The Escherichia Coli is Capable of Large-Scale Translocation of its Chromosome Matthew W. Bailey, Jaan Mannik. Physics and Astronomy, University of Tennessee, Knoxville, TN, USA. Accurate placement of the cell division plane is essential for a bacterial cell to produce viable progeny. In the commonly accepted view, the Escherichia coli chromosome functions as a structural template that determines the placement of its cell division apparatus, the divisome [1]. This function is thought to be achieved by the nucleoid occlusion mechanism, which is mediated by SlmA proteins. In addition to nucleoid occlusion, a direct coordination between the nucleoid and the divisome is also provided the Ter region of the chromosome that promotes localization of Z-ring in its vicinity [2] . Here, we show that E. coli lacking these coordination mechanisms, and therefore failing to place their divisomes correctly relative to nucleoids, can still successfully propagate. We show that the propagation is possible because the nucleoid translocates across the closing division septum in late stages of cytokinesis. Using quantitative fluorescence imaging, we determine that more than half of chromosome can be translocated across the septum at peak rate of about 4000 bps/second. The last part of the translocation, which involves the replication terminus region, occurs approximately 5 minutes after early divisome proteins have dissociated from the cytokinetic ring. Our findings suggest that closing septum physically pushes chromosomes away from the division plane and this action prevents severing (guillotining) the chromosome even when the division plane is strongly misplaced.
[1] Männik J, Bailey MW (2015) Spatial coordination between chromosomes and cell division proteins in Escherichia coli. Front. Microbiol. 6 (2015) The maintenance of high-copy number (hcn) plasmids within a colony of bacteria has been commonly thought to result from simple free diffusion and random segregation. Recent microscopy experiments, however, observed hcn plasmids clustering into discrete foci, which seemed to contradict this model, and hinted at an undiscovered active mechanism, as often found in low-copy number plasmids. To address this issue, we investigated the cellular organization of hcn plasmids (ColE1-like) in bacteria using quantitative localization microscopy in combination with DNA single-molecule fluorescence in situ hybridization (smFISH). We observed that, although many hcn plasmids aggregated into large clusters, a majority of the plasmids were randomly distributed throughout the bacteria, minus an excluded volume about the chromosomal DNA. Our results indicate that neither of the previous models are complete, and suggest a ''mixed distribution model'' of randomly diffusing plasmids and large clustered aggregates. We also found plasmids within the chromosomal volume of the cell, suggesting that the nucleoid may not fully exclude plasmids, and that the nucleoid may be more amorphous than previously thought. Cohesin is essential for the hierarchical organization of the eukaryotic genome, and plays important roles in the regulation of gene expression, DNA replication and genome integrity. How cohesin interacts with DNA and chromatin remains poorly understood. Here we use single molecule microscopy to directly observe the loading of single cohesin complexes onto DNA. We show that cohesin can undergo rapid 1-dimensional diffusion along DNA, but individual nucleosomes, nucleosome arrays and other protein obstacles can significantly restrict cohesin mobility. This suggests that the effective size of the central pore is substantially smaller than predicted by current models when cohesin is bound to DNA. We also demonstrate that cohesin is readily pushed by a DNA motor protein, providing a physical explanation for how cohesin accumulates at regions of convergent transcription. These findings have direct implications for understanding how cohesin and other SMC proteins interact with and distribute along chromatin.
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354-Pos Board B134 Single-Molecule Mechanistic Dissection of a Chromatin Remodeling Motor
Stephanie L. Johnson 1 , Nathan I. Gamarra 1 , Matthew J. Johnson 2 , Geeta J. Narlikar 1 . 1 Biochemistry and Biophysics, University of California, San Francisco, San Francisco, CA, USA, 2 School of Engineering and Applied Sciences and Department of Neurobiology, Harvard University, Cambridge, MA, USA. Chromatin remodeling complexes are molecular motors that catalyze diverse structural rearrangements of the genetic material in eukaryotic cells. One such motor, human ACF, is involved in many fundamental gene regulatory processes, including transcriptional activation and repression. ACF is composed of a motor subunit called SNF2h, which is shared with several other remodeling complexes, and a non-catalytic subunit called Acf1. Both SNF2h alone and the ACF complex slide nucleosomes, the basic unit of chromatin, along Sunday, February 28, 2016 67a
